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Tlie mechanical properties of cured perfluoroelastomers are enhanced by incorporating into compounds of uncured perflu- 
oropolymer a fluoropolymer containing a hydroxyl group. The modified fluoropolymer can be either a fluoroplastic or a fluoroe- 

ct=?FOCF,CF£S^^^^^^ ^'^P"^^"" °' '""^ fluoropolyn^er is 
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PERFLUOROELASTOMERS WITH ENHANCED PROPERTIES 

Backgronnd of the Tnvenrin^ 
Perfluoroelastomers such as those described in U.S. Patents 
5 3,682,872. 4,281.092, 4.487,903 and 4,983,697 have properties- that make 
them attractive for use under unusuaUy severe conditions. These materials 
are suitable for appHcations requiring the characteristics of an elastomer and 
at the same time tolerance for exposure to high temperatures or to 
aggressive chemicals. 

10 The mechanical properties of perfluoroelastomere, in common 

with other elastomers, are conventionally adjusted by varying the ratios of 
perfluoromonomers in tiie polymers, by varying tiie amount of carbon black 
and other compound ingredients, and by varying the curing, or vulcanizing, 
chemistry. Certain uses, however, require combinations of properties not ' 

15 attainable by known means. One particularly desirable improvement would 
be tiie increase of tensfle strength and modulus witiiout sacrifice of 
con^ression set 

Summanrofthpfiiyftnfjft^ 
The present invention provides cured perfluoroelastomers 
20 which exhibit enhanced mechanical properties tiirough the incorporation 
into tiie compound of a fluoropolymer modified witii a monomer containing 
a hydro}^l group. 

Specifically, the instant invention provides a polymer blend 
comprising, complementally, 

(a) at least one perfluoroelastomer of tetrafluoroethylene, 
perfluoroalkyl perfluoro(vinyl ether) and at least one cure site moiety, a^d 

(b) about from 2 to 20 parts by weight of at least one 
hydroxy-containing fluoropolymer, the fluoropolymer containing about from 
0.2 to 20 mole percent of units derived from at least one hydroxy-containing 

30 vinyl ether monomer of the formula 

CF2-CF[OCF,CF(CF3)]„(0)p(CF2)„CHpH wherein p is 0 or 1; m is 0 to 
10 and n is 0 to 20; and provided that when m is 0, p is 0; and when m is 
greater tiian 0, p is 1; and furtiier provided tiiat at least one of n and m is at 
least 1. 



25 



Detailed DestTiDtion of thftTnvAnfg«iT 
Perfluoroelastomers usedik the present mvention are 
prepared from tetrafluoroefliyleiie, perfhioroallgrl perflu6ro(vmyl ether) and 
at least one cure site moiety. For purposes of the present inyention, minor 
portions of the tetraflUoroeth^ene can be replaced by other perhaloolefins, 
such as chlorptrifluordethylaie, Perfluoro(8flcyl vinyl ethers) preferred for' 
use in thepresent invention include perflupro(methyl vii^I ether) ^MVE) 
andpeifluoroOpropyl vinyl ether) (PPVE). Sman concent^^ 
monomers which are not peifluorinated can also be used without 
significantly changing the desirable characteristics of^ew 
perfluoroelastomers. Noimalty, such monomers are incorporated as cure 
site moieties to obtain^desvrable aosslinku^ characteristics and may be 
present in concentrations up to about3 msm. Such monomers can include, 
for example, bromotetrafluorobUten^ bromotrifluoroethylene, and 
monomers containing qrano groups. Alternatively or additionally, chain 
transfer agentt which are not perffuorinated can be used in the 
po^erization reaction to introduce desirable fragments into the polymer 
for curingpurpose^ and are^xmsidered cure site moieties or monomers in 
the context of the present invention Such agente mdude di^do compounds 
that result in bound iodine in the polymer, commonly at the end of the 
molecule. Representative perfluoroelastomers are illusttated inU.S. 
Patents 3,467,638, 4;2Smi 4.487,903, 4,529,784, 4.948,853 and 4,983,697. 
each of which is hereby incorporated by reference. 

In accordance with the present finrentidn, the 
perfluoroelastomeris blendiBd wi& about from 2 to 20 parts 1^ weight of at 
least one hydroxy-eontainingfluoropolymer, the fluoropolymer containing 
aboutfrom 0.2 to 20mole percent of units derived fi«m at least one 
iQrdrojgf-containing vinyl ether monomer of the formula 
C^2-CF[OCF:,CF(CF3)J„(0)p(CP^„a^^ 

10 and nis 0 to 20; and provided that when m is 0, p is 0; and when m is 
greater thiah 0, p is 1; and fiirffier provided that at least one of ii and m is at 
least 1. Hydrojgr-contaiiangmonomers Which can be usedin the preparation 
of ibese fluorcqio^ers are described m detail in U.S. Patents 4,982,009 and 
5,059,720. Amongthese fluoro(vinyl ethere), a preferred monomer is 
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CF2=aFOCF2CF(CF3)OCF2CF2-CH20H (EVE-OH). 

The fluoropolymers used in this invention, in addition to the 
units derived from the hydroxy-containing vinyl ether monomer, contain at 
least one other fluoromonomer. These fluoromonomers include 
5 fluoroolefins and fluoro(vinyl ethers). Preferred fluoromonomers include 
TFE, hexafluoropropylene (HFP), PPVE, and PMVE. Monomers that do 
not contain fluorine, such as ethylene (E), can be used in conjunction with a 
fluorinated monomer. Partially fluorinated monomers such as 
perfluorobutyl ethylene (PFBE) can also be used. One illustrative 
10 combination with a hydroxy-containing monomer is E/TFE/PFBE 

Preferred combinations with the hydroxy-containing monomer include TFE 
alone, ITE/HFP. TFE/PPVE. and TPE/PMVE. These polymers can be 
prepared by conventional copolymerization techniques. 

The hydroxy-containing fluoropolymers can be either partiaUy- 
15 crystalline and classified as fluoroplastics or non-ayst^e and classified as 
fluoroelastomers, depending on the monomers chosen and their proportions 
as known to those skilled in the art. If the hydro^-modified fluoropolymers ' 
are elastomeric, they may also contain cure site monomers or fragments with 
desirable curing characteristics derived from cham transfer agents in 
20 polymerization, as discussed above. 

The units in the fluoropolymer derived from hydroxy- 
containing monomer will constitute about 0.2-20 mol% of the modified 
fluoropofymer. If the fluoropolymer is a fluoroplastic, the units derived from 
the hydroxy-containing monomer will constimte about 3-20 mol% and 
preferably about 5-15 mol% of the hydroty-modified fluoropolymer. If the 
fluoropolymer is a fluoroelastomer, the units derived from the hydroxy- 
containing monomer wiU constimte about 02-10 mol% and preferably about 
0.5-5 mol% of the hydroxy-containing fluoropolymer. 

The amount of hydroxy-containing fluoropolymer used in the 
present polymer blends is about from 2 to 20 parts by weight, per 100 parts 
by weight of flie polymer blend. Preferably, flie hydroj^-modified 
fluoropolymer will be about from 5 to 15 parts by weight of the blend. Hie 
blending of the polymeric components of the present invention and 
compounding of the blends with other components of the compounds can be 
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camedoutbyconvefltioiidbleadmgand compotm^^ 
bl^ds of thepresentmvenffoiiare^icaUy compoundedAvith one or more 
of &e additives known to be useful mpeifluoropolymer compositions, such 
as pigmenfe.fineis, pore.fonmiigagents andpIa5ticizers. It is particularly 
5 advantageonstoaddcarbonblacktothefluoroelastomertoincreaseits 
nrodulus. Usualfy, amoimts of aboutJ-SO parts by weight per hmidred parts 
of tfaefhioroelastomerblendsareuseCtheparticuIaramountbeing 
detennined firom the parUde size of the carbon black and the desired 

hardness and moddus of the cured composition. 

One con^joneat of tfie compounded elastomer is a cure 
accelerator. Theparficular'cureaccdferator is generaDy determined by the 
particuIarcuiesitenionomeriisedinthefhiorodastomeK Forthose 
perflttorodastomeis in wMdi the cure site monomer consists essentiaUy of 
perfltioro<8^p.5-mefhyH6-diora.i:^cteneX tetraphenyltin is 
customariTyused. Meblendsbfthepresenf h^^^^^ 

that, withthese curesitemcmomer^ Mph«yltin:lydrideis particularly 
effectiye. 

Theblendsof Ae present invention, through the incorporation 
of the Iqrdrfflgr-contalning fhiorqpolymer, ©dubitsignificantly increased 
20 tensiIestrengthandmodiilm,withoutsaciificeofotherdesirable 
elastomericchaiacterBfics, such as compression set. 

MthefoUowingEsampIes and Control Examples, parts and 
percentages are by weightmdess ptherwiseindicafcd. 

In these Bamples and Control Examples, the foUowiiig 
polymers were used, and prepared according to the indicated techniques 

A2-literreactor^purged with liitrogen, and then charged 
tvith 1250 ml of deionized water, 5D ml of 
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:tl,2^trichloro.l,2,2-triflikoroethane (CFC>113), and 50 ni of 4% aqueous 
ammomumpersulfeteMtiatorsoIution. TFE(60g)and20gof 
CF,=CFOCFiCF(CF^QCP,C^<B^OH (BVE.OH)..ere then transferred 
mto thereactor, thetemperatureiKasmcreasetf to 60»a and the agitator 
speed™ setatI75rpm. Cbntmuous feed of IHB atflie rate of 20 g/hr was 
thenstarted. Polymerization contimiedat autogenous pressure for 4 hr 
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after which TFE feed was stopped and the reactor was cooled. The polymer 
emulsion was discharged from the reactor and was coagulated by addition of 
concentrated nitric add accompanied by vigorous stirring. The precipitated 
polymer was collected by filtration, was washed thoroughly with warm water, 
and dried for 24 hr in a vacuum oven at 150 mmHg and 100°C • The yield 
was 135 g of a white powder designated as Polymer A. Polymer A had a 
molar composition of TFE/EVE-OH = 86.1/13.9 as determined by isp 
nuclear magnetic resonance (NMR) spectroscopy at high a temperature of 
330''.340-C. The polymer was a partially crystalline fluoroplastic with a 
melting point of 279"C as determined by differential scanning calorimetrv 
(DSC). 
PolvmerB 

Eight batches of TFE/EVE-OH partiaUy-ciystalline 
fluoropolymer were made by the above procedure for Polymer A. The eight 
15 batches were combined to yield 1040 g of Polymer B. Polymer B had the 
molar composition TTE/EVE-OH = 88.5/11.5 by i^F NMR spectroscopy 
and a DSC melting point in the range 280°-285''C 
Polymer r 

A modified perfluoroelastomer was made in a well-stirred 5.4- 
20 Uter reactor by continuous emulsion polymerization at 70°C Two aqueous 

solutions were fed to the reactor. The first solution was fed at the 
composition rate of 120 ml/hr of water, 1.92 g/hr of ammonium peisulfate, 
13 g/hr of disodium hydrogen phosphate heptahydrate, and 1.4 g/hr of 
ammonium perfluorooctanoate (Tluorad" FC-143 from 3M Co.). The 
25 second solution was fed at the composition rate of 150 ml/hr of water, 1.6 
g/hr of sodium sulfite, and 1.7 g/hr of FC-143. TFE, perfluoro (methyl ^1 
ether) (PMVE) and EVE-OH monomers were fed simultaneously at the 

rates of 62 g/hr for TFE, 76 g/hr for PMVE, and 234 ml/hr for EVE-OH. 
The polymer was isolated by coagulation with magnesium sulfete aqueous 
solution, then washed and dried in an oven at SO'C for 48 hr. About 5.5 kg 
of Polymer C obtained in this way had molar composition 
TFE/PMVE/EVE-OH = 65.1/343/0.64 by I'F NMR spectroscopy. 
Polymer C had a glass transition temperature (Tg) of -5"C and no 
discernible aystalline melting point by DSC 
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Ihthe Bcamples and Control Examples/compounds of 
pQrfluoroeIastomerandIydro^.a5odffiedfluoropolymer^^^^^ 
mgre&entsspedfiedwerepr^paredonastandardtw^^^^ 

then nuflfed for 20-30 minutes. 

■"^^^^"^PO'^d^dblendswereconverte^ 
ph3^G^testingby compression molcfing into sheet 15 cm square and 1.9 mm 
fluct Unless 6fterwisespedfie4 the sheetwaspress^cured at 210^ 
imnutes,and then postHwred ill adrcidatingair oven at 90-C for6 

26hrat3Q5-C Spedmens for physical testing were ffle^cut from the ^^^^^ 
cauea lor ov toe test mfiffinH^c 
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caUed for the test methods summarized in Table 1. 

^ • Wrty, _ ■ 

Mioa Modulus at 100% elongation 6»s^. ASTMD^K 

Tensile streng^atl)reak(psi> ASIMD-412 

^ HongationatbreaIc(%) ASTMD.412 

H HardnessporeA.peUet) AmiD-395 

CS €ompressionSet(%, 70 hr/200^Q pellet) ASIM 0-395 

asPotymerI)andotheringredientslistedinTable2. PoMnerDwasa 
iro/PMVE/8-CNVEperfluoroelastomerpreparedaccorXgto 
generalproceduresdescribedinU.S.Patent^»I,092:. cure 
sitemonomerperfluoro.(8-<g^o.5.met%l-3,6KiiGxa.l.ort^^ 
compomidwasmoldedandtesfedaccordingtotiieproceduresd^^^ 

above, andthe results aresmmnarizedii^TableZ As can be. een from the 
testresuIts«.Table2,theincoip^^^^^ 

moduluswithmodestsacrificeof compressi^^ ^ 
desu-able combination of properties. 



Polymer B was compounded with Polymer D and other 
ingredients as Usted in Table 3, using the same procedures as in Examples 1- 
2. The compounds were tested as before, and the results are similarly 
summarized in Table 3. 
Examples 9. 12 and Cnntn^i f 

Polymer B and Polymer D were compounded with other 
ingredients including two different curing accelerators as listed in Table 4. 
While both accelerators in conjunction with Polymer B show enhanced 
modulus and hardness with little or no sacrifice of compression set and litUe 
loss of elongation, the data show triphenyltin hydride to be superior in 
preserving low compression set 
Control EicamplPs n.F. 

Polymer D was blended with a commerdjd non-melt- 
f abricable TFE polymer (PIPE) of the type known as fine powder, avaaable 
as Teflon® TFE fluorocarbon resin grade 6C (Du Pont Co.). and other 
ingredients as listed in Table 5. After milling, molding and curing, the 
elastomeric sheet lacked integrity, being delaminated and showing visible 
cracks and blisters, so properties were not measured. These examples 
indicate that fluoropolymers without hydrojgr modification are ineffective in 
enhancing properties. 
Examples and Control F 

Polymer C was blended with Polymer E and other ingredients 
as listed in Table 6. Polymer E, prepared generally as described in U.S. 
Patent 3,467,638, was an elastomeric copolymer of TFE and PMVE with 5- 
pentafluorophenoxy.perfluoro-(5rmethyl-3-oxa.l-pentene) as a cure site 
monomer. The molded sheet was press-cured at 190*C for 30 minutes, then 
post-cured in a circulating air oven first at PCC for 6 hr foDowed by a 10-hr 
transition to aSS'^C and finally at 288»C for 26 hr. The test results in Table 6 
show that addition of the hydroxy-modified fluoroelastomer enhanced 
mechanical properties without sacrifice of compression set 
Examples 1S.18 and Control a 

Polymer C was blended with Polymer F and other ingredients 
as listed in Table 7. Polymer Fwas a copolymer of TPE, PMVE, and BTFB 
in which BTFB is cure site monomer 4-bromo-33,4,4-tetrafluorobutene. 
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descnbrfabove.ttasheet»mp«ss^atl7(rcft„10nm,«es then 

ti^.umto250BCandfin%«250!CforlSl,r. Tie test results in Table 7 
d.oweitocemeMsofmodutefflrite,Baestten^ 

bardi.«sa»d«Klestterfei™«ation.Tl«eof,besamples^^^^ 
»«>iable m^cttons ita caaptesSiDiiset 
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Table!. Compounds with Hydroxy-Modified Fluoroplastic 





Example 


Coiitrbl A 


1 


2 




Formulation: 








*• 

5 


Polymer A 


0 


10 


10 




i^oiymer D 


100 


90 


90 




Carbon Black 


12" 


12" 


12« 




18-crown-6^ 


03 


03 


03 




Pn4Sn<'3 


3 


3 
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Properties: 










Mioo 


1300 


1449 


1862 






2700 


1786 


2146 




Eb 


150 


121 


109 




H 


77 


82 


86 


15 


CS 


20 


36 


36 



" SAF type carbon black 
^ SRF type carbon black 
« Aldrich Chemical Co. 
20 oTetraphei^ltm 
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asfic 



10 



15 



Fonniikticm: 
PotymerB 
Polymer D 
SAP Carbon 
I8-crowii-6 
Ph4Sn 

Properties: 

H 
CS 



0- 


J25 


10 


75 


5 


. -3.75 


15 


im 


87.5 


90 


923 


95 


96.25 


85 


12 


12 


n 


12 


12 


12 


12 


0.3 


03 


03 


03 


03 


03 


03 


3 


3 


3 


3 


3 


3 


3 



1300 1602 1621 

2700 2473 2600 

150 106 114 

77 89 : 89 

20 35 ,29 



2444 

88 
22 



1446 

2410 

117 

«7 

21 



1169 

Z246 

115 

87 

19 



1738 

2903 

121 

90, 

37 



Table 4. Compounds with Different Cure Accelerators 



ExstmDle 


^ 


A 


10 


11 


12 


Hnrmn ha ti fin • 












Polvmer B 


n 
U 




7.5 


5 ■ 


1J5- 


Polymer D 


100 






95 


925 


SAP Carbon 


12 


12 




iz 


12, 


18-crown-6 


03 


0^ 




03 


03 


Ph^Sn 
*• 


3 








PhaSnH" 








3 


3 


Properties: 












1300 


1784 


1925 


1965 


1965 




2700 


2423 


2246 


2199 


2190 


Eb 


150 


117 


108 


107 


107 


H 


77 


87 


88 


88 


89 


OS 


20 


22 


25 


20 


21 



•Tiiphenyltin Hydride 
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Tables. Compounds nitli Unmodified Ftu roptosfic 



Fonmilation: 

PTFE6C 125 5 . 

PolymerD 875 95 

SAFOrboa 12 12 

18-crown-6 03 o.3 

3' 3.'- . 
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Table 6. Compounds with Hydroxy-Modified Fluoroelastomers 

Example F J2 14 

Formulation: 

5 Polymer C 0 5 10 . 

Polymer E 100 95 90 

SAP Carbon 10 10 10 

18-CTown-6 4 4 4 

MgO 4 4 4 

10 KjAF 3 3 3 

Properties: 

Mioo 1370 1571 1429 

Tb 1699 1944 1975 

Efc 116 115 125 

15 H ^ «0 80 79 

CS 51 45 51 

> Dipotassimn salt of bisphenol-AF 
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l^ble?. C mp iind$^'tIiHydo»gr.Modlfied Fluoroelastomer 



ID 



15 



Fbzimilatioii:; 

PdtymerC 

PotymerF 

SAPC^bon 

18-crowzL-6 

MgO 

Properties: 



100 



H 
CS 







16 


17 




0 


•• 5 . . 


10 


15 « 


20 


100 


95 


y\j 


o3 


80 


10 


10 


TO 


in 


10 


4 


4 


4 




4 


4... 


4 


4 




4 


3 


3 


3 


-a 


3 


775 


889 


995 


1035 


835 


2262 


2448 


2303 


2196 


2311 


217 


195 


172 


163 


199 


19 


78 


79 


81 


77 


55 


46 


52 


51 


71 
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I CLAIM: 

1. A polymer blend compriang, compleinentally» 

(a) at least one perfluoroelastomer of tetrafluoroethylene, 

perfluoroalkyl perfluoro(vinyl ether) and at least one cure site moiety, and 
5 (b) about from 2 to 20 parts by weight of at least one 

hydrojgr-containing fluoropolymer, the fluoropolymer containing about from 

0.2 to 20 mole percent of units derived from at least one hydroxy-containing 

vinyl ether monomer of the formula 

CF2-CF[OCF2CF(CF3)]„(0)p(CF2)„CHpH wherein p is 0 or 1; m is 0 to 
10 10 and n is 0 to 20; and provided that when m is 0, p is 0; and when m is 
greater than 0, p is 1; and further provided that at least one of n and m is at 
least 1. 

2. A polymer blend of Qaim 1 wherein the fluoropolymer is a 
15 plastic and contains at least about 3 mole percent of miits derived from the 

hydroxy-containing vinyl ether. 

3. A polymer blend of Qaim 2 wherein the fluoropolymer 
contains about from 5 to 15 mole percent of units derived from the hydro^gr- 

20 containing vinyl ether. 

4. A polymer blend of Qaim 1 wherein the fluoropolymer is 
an elastomer and contains about from 0.2 to 10 mole percent of units 
derived from the hydroxy-containing vinyl ether, and the fluoropolymer 

25 further comprises units derived from tetrafluoroethylene and peifluoroallgrl 
perfluoro(vinyl ether). 

5. A polymer blend of Qaim 4 wherein the hydroxy- 
containing fluoropolymer contains about from 05 to 5 mole perc^t of units 

30 derived from the hydroxy-containing vinyl ether. 

6. A crosslinkable composition comprising a polymer blend of 
Qaim 1 in about from 1 to 5 parts by weight of at least 1 cure accelerator. 



.16 



7. A crosslmkable cps^osition of Qaim 6 wiiereui fhe cure 
site monomer in the perfluoroelastomer consists essentially of perfluoro-(8r 
(yano-S-methylrS^^dioxM-octene). 

5 8^. A CEOSsliBkable conq)Dsition of Claim 7 wberein the cure 

accelerator eonsiistsessentially of tetraphenyltin. 

9. A crosslinkable coii^ontipn ofC^^ 
accelerator consists essentially of tnphenyltin Iqrcbide. 



10. Acuredpeifluotoebstomerprepared^omthe 
crosslinkable composition of Claim 6, 
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